
AMEMODAND AN APPARATUS FORESTIMATING^ 
DRAWN AmOFACYIJNDEROFANINTERNAL-CX)MBUSTIONENGINEAN^ 

AMEyraOD AND AN APPARATUS FOR CONTROLLING THE AMOUNT 

BACKGROUND OF THE INVENTION: 
Field of the Invention: 

fiDOOl] The present invention relates to a method and an apparatus for estimating an 
anujuntcrfdiaM^airofanintenial-oombustionengine. Further, the present invention relates 
to a method and an apparatus for continuing a value estimated by the above-mentioned 
method or apparatus for estimation, to a desired value. In particular, the present invention 
ifilates to a method and an 8?)paratus for estimating an amoimt of to 
adaptive observer to identify a parameter and a method and an appaiatiis for 
value estimated the above-mentioned method and apparati^ for estimation, to ^ 

value. 

Description of the Related Art: 

BXKfil Pig.lshowsastructiireofaninternal-oombustionenginet)owhidiamethodandan 
s^^paratus for estimating an amount of drawn air and a method and an apparatias for 
oontixJlinga value estimatedly the above-mentioned method and apparatiis for estimation, to 
a desired value, aooording to the present im^ntion, are applied The intenial combustion 
engine in lis pixA^withachargeroompiisi^ 

flexiblevalvetimingmechanismS. The tiiihine 2 and the oampressorl may be mechanically 
oreledncalfc^oonnected The flesdbtevah^ timing mechanism 8 m^ directly operate vakes 
elfictricalfy or may elediicaify ac^ valve cjperations carried out by mechanical cams. 
Further,inoider toreduoe emissions, the internal-cambustionengineinP^ 
anairflowmeter 3, anintakemanifoldpressure sensor (PBsensae6,alargeareaai^ 

sensor (LAF sensor) 12, an ojQ^n sensor 15. a primaiy catafyst converter (highfy 
heatiesistant and low thennal capacity CAT5 13 for earfy activati^ 
main catab^ converter (hi^ ceU density CAT) 14 for hi^ cleaning^ ratio 
duringaperiodaftertheenginehasbeenwarmedvp. In Pig. 1, a charging pressure sensor, 
an electronically contixdled throttle, an exhaust gas recycling vake. an injector, a combustion 
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chamber and an ignition plug are represented re^^ 
and 11. 

[00031 Fig. 2 shows an airdrawing section of the internal 0^ Airisfed 
through thix)ttle5totbe(y]inder. Rg. 3 shov*^ a lelationdiip among an amount of air having 
passed threu^i the thixjttfe Gth, measured by Ihe airflow meter 3, an anM)^ 
the Q^nder Gcyl, an amomit of air filling the intalffi manilbW 

pressure Pb measured by the intake manifold pressure sensor 6. Pi& 3 shows that an 
amount of air havingpassedthreu^ithethretfleGthwinovershoot an amountofdravmak^ 

thecylinderGoibecauseofefifectoffillingtheintatemanifold. A£x»rdin^,ifan amount of 
air having passed threu^i the throtae GKh is regarded as an amount of drawn air of the 

C5toler Gcyl to determine an amount of fuel to be injected, while the throttle is quicker 
moving.theairfiielretiDwi]lchangpasbelow. That is, the airfuel ratio will become too largp 
(fiidis too rich) whentheqjeningisincreased and winbecome too sman(^^ 
theopeningisdecisaseA As a result, the deaning-up ratio of a catatystwillbe reduced. 

liDOOfl Conventionally, an amount of dmwn air of the cylinder Gcyl has been estimated as 
mentionedbelow. A diangp in an amount of air filling the intake manifold AGB is estimated 
based onachange APBinintake manifoldpressure Pb, usingthe folk^vmag^^ 

Pb(k)Vb = Gb(b)RTb (l) 

APb(k)Vb = AGbCk)RTb (2) 
AGb(k) = APb(k)Vb/(RTb) (3) 

BDOOSI Vb, Riband krespedivefcr represent a vohome of the intake manifold, the gas 
constant, gas tempemtajre in the intake manifold and contax>l time synchro 
stroke (TOO of the cylinder. This assumed to be constant 

fcOOea AchangpinanamountofairfillingtheintakemanifoldAGbOdisusedtoac^ustan 
amountof air havingpassedthreu^ the throttle Gth(k) using the folbwingec^ 
an estimated value of an amount of drawn air of the cylinder GqyUiat^. 
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GcylJiatCk) = GthCk) - AGb(k) 



(4) 



[OOOT] However, an effective vrfume of the intake manifiM which oonteibutes to the effect 

faiing the intalffi manifcld, wiE vaiy 
openingandadiangingiatBafthethrottleopening. Further, CDmpensation for the overshot 
QfananK)untQfairhavingpassedthix>u^thethrollteC3th,mi^tbeexo^ 
asshowninFig-^dependingonachangBinagastemperatiHelbint^ In 
ordertodeal with the pinUem, gain sche(hdinghasbeenp 
manifold, an estimated value of an amount of drawn air of the (ylto 
limited withinlimitsorachangeAGb in an amount of air fflbngthe intake 
subjectedtofiltering. As a result, the number of setting parameters for the aboveTnentioned 
methods has been increased hi spibe of the efibrts. the above-mentioned methods cannot 
deal with variationbetween engines or sensor properties andsecular variation. 

BXXBl Publication of J£«)anese Unexamined P&tent i^lication (KOKAD No. 11-294231 
disdoeesamethodinwhidianestimated amount of drawn air is obtained 
network. Refer to Pig& 9 and 10 of the s^jplcation. However, even this method cannot 
lesolve the above-mentioned problems. 

B)0G8] AMordin^, there is a great need for a method and an ^jparatus for estimating a^ 
amount of drawn air, which can deal with variationbetween engines or sensor proper^ 
secular variation, without increasing setting parameters. There is also a great need for a 
method and an 85jparatus for oontixdling a value estimated ly 
and apparatus for estimation, to a desired value. 

SUMMABY OF THE INVENTION: 

BDOlO] In the present invention an ad^tive observer is used to estimate an amount of 
drawn air of a cylinder. 

[0011] Thus, useofanad£4)tiveobserverallowsaa:urateestimatbnofanamountofdrawn 
air of a cylinder, independently of a moving rate and a moving diredion of the thro^^ Asa 
result, control accuracy of airfud ratio is increased so that hazardous substances in exhaust 
gases can be reduced. BWther, use of an adaptive observer remarkabfy reduces enormous 
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time and manpower fcr settings of algorithm for estimating an amount of drawn air. 
oonventkinalfy required. 

[00121 A method for estimating an amount of drawn air of a cylinder of an internal 
oombustion engine, according to an embodiment of the present invention, oon?)rises the step of 
obtaining an estimated value of an amount of drawn air of the cylinder, based on a value of 
intake manifold pressure. The method fiirther comprises the step of determining a value of 
an identification parameter using an adaptive observer in such a way that a product of the 
estimated value of an amount of drawn air of the cylinder, based on a value of intake manifold 
pressure and a value of the identification parameter, is made equal to a value of an amount of 
air having passed through the throttle. The method fiirther comprises the step of 
multq)^ the estimated value of an amount of drawn air of the cylinder, based on a value of 
intake manifold pressure, by the value of the identification parameter to obtain a final 
estimated value of an amount of drawn air of the C5dinder. 

[0013] An £4)paratus for estimating an amount of drawn air of a cylinder of an internal 
oombustion engine, acooniing to an embodiment of the present invention, comprises a module 
for obtaining an estimated value of an amount of drawn air of the cylinder, based on a value of 
intakemanifoldpressuretodalivertheestimatedvalueasanoutput. The apparatus fijriher 
cxja^)rises a module for determining an identification parameter using an adaptive observer, 
based on a value of intake manifold pressure and an amovint of air having passed through a 
throttle. The apparatus finther comprises a mult?)lying module for multiptying the 
estimated value, by a value of identification parameter to obtain a final estimated value of an 
amount of drawn air of the cylinder. The adapijve observer determines a value of the 
identification parameter based on the estimated value of an amount of drawn air of the 
cylinder, in such a w^ that a product of the estimated value and a value of the identification 
parameter, is made equal to a value of an ainount of air havingpassedthrou^the thrcjt^ 

deliver the value ciftheidBntificaticHi parameter as an oxilput 

6)014 A oomputerreadable medium, acoarding to an embodiment of the present 
invention, has a program stored therein. The program is made to perform the step of 
obtaining an estimated value of an amount of drawn air of the cylinder, based on a value of 
intake manifbld pressure. The program is made to fiarther perform the step of determining a 
value of an identification parameter using an ad£5jtive observer in suchavraythataproduct of 
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the estimated value of an amount of drawn air of the cylinder, based on a value of intake 
manifad pressure and a value of the identification parameter, is made equal to a value of an 
amountofairhavingpassedthioughthethrottie. The program is made to fiirther perform 
the stBp of muWpfyiQgthe estimated value of an amount of drawn air of the cylinder, based on 
a value of intake mamfiM pressure, by the value of the identification parameter to obtain a 
final estimated value of an amovmt (if drawn air of the cjfeder. 

6)015] An £«jparatusfcr estimating an amount of drawn air of a cylinder of an internal 
cx)mbustion engine, acxx)ix3ing to an embodiment ofthe present invention, oomprises means for 
obtaining an estimated value of an amount of drawn air ofthe cylinder, based on a value of 
intalffimanifoldpressuretodelivertheestimatedvalueasanoutput. The apparatus fiarther 
comprises means Ibr determining an identification parameter using an adaptive observer. 
The apparatus finther oonqjrises means for multiptying the estimated value, by a value of 
identification parameter to obtain a final estimated value of an amount of drawn air of the 
cylinder. The ad^tive observer determines a value ofthe identification parameter based on 
the estimated value of an amount of drawn air of the cjMer, in such a way that a pr^ 
the estimated value and a value ofthe identificationpaiameter, is made equal to a value of an 
anK>unt of air having passed throu^ the throttle, to deliver the value of the idra 

parameter as an outpvit 

[00161 An amount of air having passed throu^i the throttle, measured by the airflow 
meter, win show an overshoot when the throtde (jpening rapi^ 

when the throttle opening remains invariant As a result* accuracy of air&el ratio contiwl is 
reduced. In the above-mentioned embodiment ofthe present invention, an estimated value of 
an amount of drawn air of the cylinder, based on intalffi manilbld pressure, is muh^ 
value of an identification parameter obtained by an ad^tive observer, to obtain a final 
estimated value of an amount of drawn air of the cylinder. The embodiment albws an 
aonjrate estimated value in atransient state as vvell as an estimated value not oedl^^ 
sfceatfystate. Acooixlin^,aaairacyofairfuelratioainbx)lcanberernarkabVincre 

BX)17] AaxmJing to another embodinient ofthe present invention, when determining an 
identification parameter using an adapHNe observer, an amount of M of a exhaust g9s 
recycling vgJve is ftirther ijsed for ideritificatian. 
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[0018] As recycling of wastB gas is turned on or ofl^ an amount of air having passed through 
the throtde, changes r^idly. The identification parameter calculated by the adaptive 
observer shows oscillation because of occurrences of spike errors. As a result, a final estimated 
value of drawn air of the cylinder, will sometimes be oscillating. In the present embodiment^ 
an amoimt of lift of a exhaust gas recycling valve is used to cancel spike errors, to prevent a 
final estimated value of drawn air of the cylinder, fix)m being oedUating: AooordingLy, 
acxiuracy of airfiiel ratio omtrol can be inc^ 
off 

[0019] A method for estimating an amount of drawn air of a cylinder of an internal 
combustion engine, according to another embodiment of the present invention, comprises the 
step of obtaining an estimated value of an amoimt of drawn air of the cylinder, based on a 
value of intake manifold pressure. The method ftirther comprises the step of obtaining an 
estimated value of an amoimt of recycled exhaust gas based on a value of intake manifold 
pressure, a value corresponding to pressure inside an exhaust manifold and a value of an 
amount of lift of an exhaust gas recycling valve. The method fiarther oonq)rises the step of 
determining values of first and second identification parameters using an adaptive observer, in 
a way shown below. A value obtained by subtracting a product of the estimated value of an 
amount of recycled exhaust gas and a value of the second identification parameter, &om a 
product of the estimated value of an amount of drawn air of the C5*nder, based on a value of 
intake manifold pressure and a value of the first identification parameter, is made equal to a 
value of an amoimt of air having passed through the throttle. The method finther comprises 
the step of subtracting a product of the estimated value of an amount of recycled exhaust gas 
and the value of the second identification parameter, &om a product of the estimated value of 
an amount of drawn air of the cylinder, based on a value of intake manifold pressure and the 
value of the first identification parameter, to obtain a final estimated value of an amount c£ 
drawn air of the cylinder. 

[0020] An apparatus for estimating an amount of drawn air of a cylinder of an internal 
combustion engine, according to the present embodiment, comprises a module for obtaining an 
estimated value of an amount of drawn air of the cylinder, based on a value of intake manifold 
pressure, to deliver the estimated value of an amount of dmwn air, as an output. The 
^>paratus fiiriher comprises a module for obtaining an estimated value of an amount of 
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,«5ded exhaust gas based on a value of intake manifold pressure, a value oonespondiiig to 
pj^ssuiB inside an exhaust mani^d and a value of an amount of m of an 

iBcyding valve, to deliver the estimated value of an amount of recycled exhaust gas, as an 
output The appar^ forther comprises a nMxiuk for detBrmining first 
identificatian parameters using an adaptive ob^rver to deliver values of the first and second 
identification parametBTS as outputs. The ad£«)tive observer determines the identification 
paiameteis in a way shown bekw. A value obtained by subtracting a product of the 
estimated value of an amount of myded exhaust gas and a value of the second identification 
parameter. fi«m a pmduct of the estimated value of an amount of drawn air of the cjtoder, 
basedonavalueofintatemanifoldpiessui^andavalueofthefirstidentificatiDnpaiamet^^ 

madeequaltoavalueofanamountofairhavingpassedthrou^thethroltle. Theapparatus 
fi:ffther comprises a module for subtaacting a product of the estimated value ^ 
recyded exhaust gas and the value of the second identification paramet^ 
the estimated value of an amount of drawn air of the (yMnder, based on a value of int^ 

manifold piessuiB and the value of the first identification parameter, to obtain ^ 
anoutput. afinalestimated value of anamountofdiawnairofthe cylinder. 

BJ021] A oomputerreadable medium, acxjording to the present embodiment, has a 
program stored therein. The pix)gram is made to perfen the step ofobtaining an estimated 
value of an amount of drawn air of the (ylinder.basedonavalue of intaten^^ 
The piogramismadetofiirtherpeEform the step ofobtaininganestima^ 

trfxecydedexhaust gasbasedon avalue of intake manifoldpressur^ 

pressure inside an exhaust inanifoH and a vdue of an amount of lift of an edjaust gas 

recydingvalve. The program is made to farther peito the step of determining^ 
first and seoondidentificationparameters using anad^?tive observer inawayshownbekw^ 

value obtained by subti^cting a product of the estimated value of an amount of reqyded 
exhaust gas andavalue of the sea)ndidentificationparameter.fixmaproductofthe estimated 

value of an amount of drawn air of the cylinder, based on a value of intake manifold pressure 
and a value of the first identification parameter, is made equal to a value of an amount of air 
having passed throu^ the thrxjttle. Ibe program is made to further perform the step of 
subti^cting a prtxiuct of the estimated value of an amount of recycled exhaust gas and the 
value of the second identification parameter, fcom a product of the estimated value of an 
amount of drawn air of the cylinder, based on a value of intake manifold pressure and the 
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value of the fii^ identification parameter, to obtain a final estimated value of an amount of 
drawn air of the cjtoider. 

[00221 An apparatus for estimating an amount of drawn air of a cylinder of 

combustion engine, aooorfing to the pi^nt embodiment, comprises means for obtaining an 
estimated value of an amount of drawn air of the (y]inder,basedonavalue of intatem 
pressure, to deliver the estimated value of an amount of drawn air. as an output The 
apparatus fiuther comprises means for obtaining anestimated value of an amount of re(^ 

exhaust gas based on a value of intake manifold pressure, a value corresponding to pressure 
inside anexhaustmanifoldandavalue of anamountofMofanexhaustgasrecydingvalve, 
deliver the estimated value of an amount of reoded exhaust gas, as an output The 
a^jparatus further oon«)rises means for determining values of first and second identification 
parameters using an ad^tive observer to deliver the first and second identification 
parametersasoulputs. The adaptive observer determines the identification parameters in a 
wsQT shown below. A value obtained by subtiracting a product of the estimated value of an 
amount of racyded exhaust gas and a value of the second identification parameter, fiom a 
pmduct of the estimated value of an amount of drawn air of the Qteider, bas^ 
intalffi manifold pressure and a value of the first identificationparameter, is made 
value of an amount of air having passed throu^i the throtlte. Tte apparatus finlher 
con^Hises means for subtm^ apnxiuct of the estimated value of an amount of rec^ 

exhaust gas and the value of the second identification parameter. &om a product of the 
estimated value of an amount of drawn air of the cylinder, basedona^^ 
piBssure and the value of the first identificationparameter,toobtain and deli^ 
afinalestimated value of an amount of drawn air ofthe cylinder. 

B)023l Inthepresentembodimentafinalestimatedvalueofanamountofdrawnairofthe 
cjdinder, is obtained by subbading a product of the estimated value (f an amo^ 
exhaust gas andavalueoftheseoandidentificatiDnparameter.fixHnaproductaftheestim 
value of an amount of drawn air of the cylinder, based on a value of intake mana^ 
andavalueofthefiistidentificationparameter. Aooordingfcr, a diange in an actual amount of 
drawn air of the cylinder duetoturningon and off of recydingof waste gas. canberefl^ 
theestimatedvalue,withoutdekybehindthetumingonandoffofrecyclin^ As 
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aiesult^aonirafyrfairtelratiDOontol^^^ 
on or off 

[0024 AoooitJingtoanotiierenibodimentoftte 

and seoondidentificatbnparameteisusingan adaptive obse^ 

the second identification parameter. 

000251 In the pi«sent embodiment, when an anMnmt of air hav^ 
thixjtfle, lemains invariant the seoondparameter Aa«rdin^, an increase 

(a dri^ in a smn of the absolute values of the first and second parameters, cffl^ 
whenanamountofairhavingpas8edthKn^thethrottb.iemainsm^^ Asaresuh^a 
remarkabfe decrease in accuracy of a final estimated value of an amourt 

cylinder, can be prevented. 

BD026I A method far estimating an amount of drawn air of a cjiinder of an internal 
combustion engine, acconiing to another embodiment of the present inv 
step of obtaining an estimated value of an amount of drawn air of the cylinder, based m 
value of intake mamfiM pressure. The method fiirther comprises the st^ of obtaining a 
diflerenoe of values of intake manifiM pressure, a seoondxirder diflerenoe of values of intake 
manifold pressure, a diffeiBnce of vdues of an amount of air having passed throu^ a thro^ 

andadiferBnoeofestimatedvaluesofanamountofdrawnairofthecylinder,basedonavd^ 
of intake manifoldpressuiB. The method firrther comprises the step ofdetermining a value of 
an identification parameter using an ad^tive observer. The method fiirther oorr^aises the 
step of subtiacting a prxxluct of the difference of values of intake manifoM pressure and the 
value of the identification parameter, fi«m a value of an amount of air having passed throu^ 
thethrottle,toobtainafinalestimatedvalueofanamountofdrawnairafthecylinder. The 

adaptive observer determines a value of the identification parameter in such a way that a 
pKxiuct of the second-order diflferenoe of values of intake manifold pressure and a value of the 
identification parameter, made equal to a value obtained by subtiacting the diference of 
estimatedvaluesofanamount of drawnair of the cylinder, basedonavalue of intake manifold 

pressure, fixm the difltooeofvaluesof an amountof air havingpassedthrou^th^ 

[00^7] An appaiatiis for estimating an amount of drawn air of a cylinder of an internal 
combustionengine,accorx3ingtotheprBsentembocliment.oomprisesamodulefcrobtaa^ 
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estiinatedvalueofanamomitofdmwnairofthecyMder,ba^on 

pressure, to deliver the estimated value of an amount of drawn air, as an output The 
apparatus further (xm^ at least one module for obtaining a difference of values of intake 
maniibld pressure, a seoond-onler diferenoe of values of intake manifold pressure, a difference 
of values of an amount of air having passed through a throttle and a difference of estimated 

valuesof anamount of dia>m air Qfthe(5feder,basedonavalue of intake manifoldpress^ 

The apparatus further con^rises a module for determining a value of an identification 
parameter using an adaptive observer and a module for multipbdng the dife 
intakemanifoldpressurelythevalueoftheidentificationparam^^ The^paratusfiarther 
comprises a module for subtracting a product of the diflbsnce of values of inte^ 
pressure andthe value Qftheidentificatimpaiameter,fixmiavalueof^ 
passed thixni^ the throttfe, to obtain and deliver, as an output 

amount of drawn air of the cylinder. The adsqptive observer determines a value of the 

identificationparameterinsuchawaythataproductoftheseoond-ar^ 

intake manifold pressure and avalue of the identificationpaiameter, is made equal to a value 

obtained by subtracting the difference of estimated values of an amount of drawn air of the 

cylinder, based on a value of intake manifold pressure, from the difference of values of an 

amovintof air havingpassed through the throtde. 

[0Q2SI A oonq)ufcerreadahle medium, aooording to the present embodiment, has a 
program stored therein. The program is made to perform the step ofobtaining an estimated 
value of an amount of drawn air of the qylinder, based on avalue of intake manifoki pressure. 
The program is made to further perform the step of obtaining a differed 
manifold pressure, aseoond-arder difference ofvalues of intake manifeadpressure, adifferenoe 
of values of an amount of air havingpassed throu#i a throttfe and a difference of estimated 
values of an amount of drawn air of the cylinder, basedonavahae of intake manifildpressure 
The program is made to further perform the step of detennining a value of an identificat^ 
parameter using an adaptive observer. The program is made to forther perfcmi the step of 
subtracting a pixxiuct of the difference of values of intake manifold pressure and the value of 
the identification parameter, fi»m a value of an amount of air having passed throu^ the 
throttle, to obtain a final estimated value of an amount of drawn air of the cylinder. The 
adaptive observer determines a value of the identification parameter in such a way that a 
prxxluct of the second-order difference of values of intake manifold pressure and a value of the 
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identification pa^meter, made equal to a value obtained by subliacting the diference of 
estimatedvaluesofananiDunt of dmwnair of the cylinder, basedonavalue of intete 
pisssure,totteditonoeafvaluesofananiountQfairhavingpassedthm 

[0029] An £5)pamtus for estimating an amount crfdrawn air rfa cylinder of an in^ 
combustion engine, according to the present embodiment, comprises means &r obtaining an 
estimated value of an amount of drawn air of the cylinder, based on a value of intake manifold 
pressure, to deliver the estimated value of an amount of drawn air, as an output The 

s^jparatajs ftirther comprises at least means for obtaining a difference of values of intake 
manifoldpressure, a second-order difference of values of intake manifold pressure, a difference 
of values of an amount of air having passed throu^i a throttle and a diferenoe of estimated 
values of an amount of drawn air of the cylbder.basedonavalue of intake manifoldpres^ 

The apparatusfurthercoii«>rises means for determiningavalue of anidentificafc^ 

using an adaptive observer and means for multiplying the difference of values of intake 

manifold pressure by the value ctf the identification parameter. The ^paratus foriher 

comprises means for subtiacting a product of the diflfereiice of values of intake manifold 
pressure and the value oftheidentificationparameter,fi«mavalue of an amount of air having 

passed through the throttb.toobtain and deliver, as an output^afinal estimated valuerf^ 
amount of drawn air of the cylinder. The ad2«)tive observer determines a value of the 
identificationpaiameterinsuchawaythataproductofthe seconder differenoerf 
iritake manifoldpressure andavalue of the identificationpaiameter, is made equaltoavalu^ 
obtained by subtracting the difference of estimated values of an amount of drawn ai^ 
cylinder, based on a value of intake manifold pressure, fixm the difference of values of an 

amount of air having passed through the throttle. 

6)030] Aooording to the present embodiment, a product of difference of values of intake 
manifoldprBssure and a value of the identification parameter, is subbacted firm a value of an 
amount of air having passed throu#i the throttle, to obtain a final estimated vahie of ^ 

amountofdrawnairafthecylinder. AvaJueoftheidentificatiDnparameter is determinedly 
the adaptiveobserver, in sucihawaythatachangeinafinal estimated value of an amount of 

drawnairofthecylinder,ismadetooaincidBwithachangeinanestimatedvate 

of the cylinder, based on intake manifold pressure. According, a first estimated value of 

drawn air of the cylinder shows behavior similar to behavior of an estimated value of drawn 
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air, based on intake manifoldpiBSSUiB, whidi is iden 

di^airofthecylinderinateansientstate. As a iBSult, accuracy ofair&el ratio control can 
be increased in a transient state. 

[0031] A method fijr controlling an amount of dravm air of a qtoder, 
another embodiment of the present invention, fiirther comprises the st^ of oontraDing the 
final estimated value of an amount of drawn air of the cylinder, obtained throu^ a method fcr 
estimating an amount of drawn air of the cylinder, accordingto any one of embodiments^^ 

present invention, toadesired value. 

[00323 An apparatus fcr ajntraffing an amount of drawn air of a (5*1^ 
present embodiment con^rises an apparatus fcr estimating an amount of drawn air of a 
cylinder according to any one of the embodiments of the present invention. The ^jparatus 
further comprises a oontiwller receiving, as inputs, the final estimated value of the apparatus 
fcr estimating an amount of drawn air of a cylinder and a desired value of an amount of drawn 
air, to manipuktethiDtifecpeninginsuchaway that the final estimated value is oontixjDeda^ 

the desired value. 

[00331 According to the present embodiment, an estimated value of an amount of dra^ 
air of the cylinder, obtained using the ad^tive observer, according to ai^ one of embodiments 
ofthepresentinvention,isconti»lledtDadesiredvalue. According, an amount of drawn air 
of the cylinder can be estimated witii hi^ accuracy, independent^ of a moving rate and a 
moving direction of the thretde. As a result, an amount of drawn air of the cylinder can be 
contiolled with bi#i accuracy, even when the throttb is required to move quitib^^ Mother 
words, driving torque crfthe engine can be similar^ controlled. 

[0084 Aoooiding to another ernbodiment, a re^jonse-specifeang type contixilal^^ 
used fcr the oantanL 

E3035I Use of a response-q)ecifying type contidalgprithrn, allows contix^ 
drawn air of the cylinder, without generating an overshoot over a desired value. Inoflaer 
words, driving torque of the engine can be oonhnDed, without generating an overshot 
desired value of toKiue. As a result, drivaMily is enhanced as well as fiid efficiency is 
enhanced throu^ reduction of wastes in HEV/GDI (a oombination of a (HDI engine and an 
electric motor) system 
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BRIEF DESCRIPnON OF THE DRAWINGS: 
BMael Pig.lshovraastaiK±ureafanintenialx»inbustb 
s^jpaiatus for estimating an amount cf drawn ak 

estimated by the above-mentioned method and ^jparatus for estimatim, to a desired value, 
aocxading to the present invention, are g^jplied. 

[00^7] Fig.2shov\«anairdrawingsectiDnoftheinteEaaloombustionengine. 

[0038] Rg. 3 dwws a relationsh^ between an amount of air Imvi^ 
throttteGth and an amount ofdrawn air of the qyiinderG(yL 

liDOaal Pig. 4 shows behavior of an estimated value of an amount of drawn air of the 
Qfeter when oati?)ensatiDn for the overshot of an amount of air havn^ 
throttle Gth, is excjesave or irisuflBdent in a asnventjonal s^^ 

BXMD] Pig. 5 shows a relationship among an amount of drawn air of the cylinder Goi an 
amount of air having passed thixju^ the throttle Gth and an estimated value GairJ>b 
amount ofdrawn air ofthe cylinder, based on an amount of drawn air of the (yl^ 

|!D041] Fig. 6 shows a block diagram ofan apparatus for estimating an ainount of drawn 
air ofthe cylinder, aooowJing to an embodiment ofthe present invention. 

[00^ Fig. 7 shows an estimated result of an amount of drawn air of tiae cjtoter, 
according to an embodiinent of the preserit inventicHX 

gX)4a9 p^ 8 shows abk)(t diagram rfan apparatus for estiinating an ainount of drawn 
air ofthe cylinder, aoxmlingtoanoflaereinbodiment ofthe present inw^ 

[0044 Pig. 9 shows an estimated result of an amount of drawn air of tiie cylinder, 
aooordiiig to another embodinaerit of the present inventioa 

[0045] P^. 10 shows a block diagram ofan a5)paratus for estimating an amount of drawn 
air ofthe cylinder, aoooixling to another embodiment of the present invention. 

[00461 Kg 11 shows an estimated result of an amount of drawn air of the cylinder, 
aooordii^ to another embodiment of the present inventioa 
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6)047] Pig.l2shDwsbehavkffofem»Geoonvergingtozero. 

[0048] Pig.l3showsaresdtafanainountQfdiawnakQf1he<yli^ 
the respoiise-^)ecifymgtype controller. 

6)049] Rg. 14 shows a oonfiguratiati of a &el-iigecti0a control system comprising an 
^jparatusfeestimating an amount of (fcawn air andares^ 
oon1iollinganamountafdrawnair,acajrdingtDanembo(to 

B)060] Hg. 15 shows a procedure of a method ibr estimating an amount of drawn aii; 
according to an embodimeiit of the present invention. 

[0051] Pig. 16 shows an exan^k of an electronic contixd unit used in em^^ 
present inventioa 

DETEAILED DESCRIPTION OF TEIE PREFTmRED EMBODIMENTS 

6)0523 AnembodimentofthepresentinventionwillbedesciibedbelDW. 

6)0631 At first, a gas at intalffimaniibid pressure Phis assumed to be diargpd into tte 
<ylinder without oorisidering a filling eto 

of dmwn air of the qiinder, based on intake manifiM pressure, is calculated using the 
fcUowirig equatkari. 



Pb(k)Vcyl = Gair.PbOdRTcyl 



(5) 



[0054] Vcyl, R, Tcyl and krespectivety represent a vdlume of the cylinder (a eflfe^ 
con^ressed volume of the cylinder in the case of flexible valve timing mechanism), the gas 
constant, gas temperature in the cylinder and oontiol time synchroni2Bd with TDC. Gas 
temperature in the cylinder Tcyl is assumed to be equal to gas temperature in the intake 

manifiidlb. The above equation (5) is tianstaed into the fclbvving equation (6). 
GairPbCk) = (PbOaVcyD/CRTbyl) (6) 
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|iD0B5] In this case, a relationship among an amoimt of drawn air of the cylinder Qyl, an 

amount of air having passed thrau^i the throtde Gth and an estimated value Gair_Pb of an 

amount of drawn air of the cylinder, obtained usingintakemanifcldpressu^^ 

5. SinceafiI]ingeflBcien£yisne^eded,thereisanafifeetbetweena^ 

of an amount of drawn air of the cylinder and an amount of drawn air of the 

However, behavior cfthe estimated value cxjirespoTKb to 

cylinderGc5i Inthepresentembodiment^attentionhasbeenfixWonthiscWWicQf 
anestimated value Gair_Pb of an amount of drawn air of the cg^nder. 

6)0563 In other worxls, an estimated value Gair_Pb of an amount of drawn air of the 
cylinder has information on behavior of an amount of dravm air of the cylinder Gcyl, while an 
amount ctf air having passed throu^ the thiotfle GKh has information on a filling 
thec54nder. AcxxHxiin^, a melhod has been invented, in which an amount of air ha^ 
passed throu^ the thratde Gth is used to compensate fixr an oflfeet of an estima^ 
Gair_Pb of an amount (jf drawn air of the cylinder. 

[0057] Since a filling efficiency of the cylinder is not constant, an oflfeet between an 
estimated value Gair_Pb of an amount of drawn air of the cylinder and an amount of drawn 
air of the cylinder Gcyl, is not constant in a strict sense. Aooordin^y, adjustment of an 
estimated value Gair_Pb of an amount of drawn air of the cylinder, thorou^ an amount of 
drawn air of the cylinder Gcyl, must be adaptive. 

[0058] For this reason, in the present invention an adaptive observer is used to make 
adaptive acijustinent Particularly, in the present embodiment, a recursive identification 
algorithm is used as an adaptive observer,toacyust an estimated value GairJE* of an amou^ 
of drawn air of the cylinder, using identification parameter A' to obtain a final estimated value 
Gcyljiat of an amovmt of drawn air of the cylinder, as shownbelow. 



GcyLhatCk) = A'(k)Gair_Pb(k) (7) 
A'(k) = A'(k-l) + KF(k)(ide'Ck)-KlactALACT) (8) 
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ide'Ck) 



= Gth(k)-A'(k-l)Gair_Pb(k) 



(10) 



, 1 / X9P' (k)Z'(k)Z'(k) , . 

^ 1> = 17^1 ■ X, A,Z'(k)F(k)Z'(k) ^^ ^''^ 



Z-Os) = Gair_Pb(k) ^12) 



zXLACT = LACT(k) - LACT(k-l) 



(13) 



6)059] Xi and represent weighting parameters. lACT and Hact respective^ 
represent an amount of lift of the exhaust gas recycling (EGE) valve and a damping fedor. 
When Xi = 1 and X2 = 1 , the method is least square. When Xi < 1 and X2 = 1 , 
the method is wei#ited least square. When Xi = 1 and X2 = 0 .themelhod is of fixed 
gain. When Xj = 1 and X2 < 1 , the method is of gradually decreasing gain 
IdentificatiDn parameter A' is dBtermined in sudi a way that an error in Equation (lO) is 
minimized. 

liDOedl Term MACT of in Equation (8) is a term hr damping to control O8cillati0n of a final 
estimated value Gcyljiat of an amount of drawn air of the cylinder, in the case of a sudden 
diange in an amount of lift of the EGR valve. In the case of a sudden change in an amount of 
lift of the EGR valve, a filling efBdency of the cylinder will suddenfc^ change to cause a spike 
error. This win have identification parameter A oscillate. The above-mentioned term fijr 
damping is intended to prevent oedDatiDncjfthe identification parameter. 

[0061] Pig.6shDwsablDckdiagisanofanapparatiKfarestirnatinganamDuntafdrawn 
air ofthe cylinder, aoooiding to the present embodiment The ^paratus fixr estimating an 
amount of drawn air of the cylinder, comprises a module 61, a modute 62 and a mult^lying 
module 63. The module 61 receives a value of intake manifold pressure Pb as input, obtains 
an estimated value Gair_Pb of an amount of drawn air of the cylinder and delivers the 



16 



4 



estimated value as output lEquation (6)]. The module 62 receives an amount of air having 
passedthiou^thethixjtde Gth, the estimated value Gair_Pbofan amount ofdrawn air of the 
(yHnder and an amount of lift of the exJmust g^s recycling (EGR) vake lACT, as inputs, 
determines an identification parameter A', using recursive least square method and delivers 
thepaiamefcerasoutput[Equations(8)tD(13)]. Identification parameter A' is determined in 
sudi a way that an emir in Equation (10) is minimized. The multipfying module 63 
multiplies the estimated vahie Gair_Pb of an amount of drawn air of the qj^nder by Ihe 
identification parameter A' to obtain a final estimated value Gcjihat of an amount of drawn 
air ofthe (ylinder [Equation (7)]. 

ODOesa Hg. 7 shows an estimated result of an amount of drawn air of the cylinder, 
aooording to the present embodiment. Even when an amount of air having passed throu^ 
the throtde Gth or an amount of lift ofthe EGR valve lACT, changes, a final estimated value 
G<yl_hatofan amount ofdrawn air ofthe cylinder, fbllows avalueof an amount of drawn air of 
the (ylinder GqyL The identification parameter A' changes depending on a change in an 
amount of air havingpassedthrou^i the throttfe Gth andadiangp in an amount cfM 

BGRvah^LACr. 

liOOeal Another embodimentofthepresentinventionwillbe described below. 

[00641 Inthepresentembodiment,anamDuntafexhaustgasGegrre(ydedthrou^BGR 
passage, is estimated iising the Mowing eqxjation. 

Gegr(k) = KgegrLACT(k-d)VPa-Pb (14^ 

BX)65l Kgegr, LACT and Pa respective^ represent a calculatiDn fector for a recycled 
amountofexhaust^anamountofliftofthevakeandatmosphericpressure. Atinoepheric 



pressure iss 

[00661 A final estimated value Gcyljiat of an amount of drawn air of fliecsiinder, is 
calculated using the folbwing equation. 

Gcyl_hat(k) = A"(k)Gair_PbCk) - B"(k) GegrOs) (15) 
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iDOCT] A' aMK represent identification parameters. An estimated value Gair_Pb of an 

amount of dmvmakof the cylinder wffl not reflect aneflfect 

(EX3R). However, Equation (15) win eliminate an excessive port^ 

Gair_Pb of an amount of drawn air of the cgMer, caused by an increase in pressure Pb due to 

the recycled amount of exhaust gas (EXxR). 

[0068] A procedure by which Equation (15) is calculated using recursive least square 
method, is shovmwilh he fcllowing equations. 



Gkyl_hat(k) = A"(k)Gair_Pb(k) - F'(k) Gegr(k) (16) 

0"(k) = 86 "(k -1) + KP "(k)ide "(k) (17) 

P "(k -l)Z"(k) (.o) 

l + Z" (k)Tp"(k-l)Z' '(k) 

ide"(k)= Gth (k)-0"(k -l)'^Z"(k) (19) 

Z?'(k)T = [Gair_Pb(k)Gegr(k)] (20) 

e"(k)'r = [A"(k),-B"(k)] (21) 

8 = ^] : Forgetting Vector (0 < 6 < l) (22) 
0 8 



ED0e9] 6" (A", F) represents identification parameters, while F represents an 
identification gain. 
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fiDOTQl SiiMB in Equations (17) to (221), there exist more th^ 

a drift might occur when an amount of air having passed threu^ the throttie Gth remains 
substantialfyoanstant Axordin^.afixfidgainalgorithmusing a- correction method, is 

employed as algorithm far identificatiaa 

[OOTl] Pig. 8 shovv^ a block diagram of an apparatus fcrestinmting an amount of drawn 
air of the cylinder, aooonling to the present embodiment. The apparatus for estimating an 
amount of drawn air of the cylinder, comprises a module 81, a module 82, a module 83 and a 
module 84 The module 81 receives a value of intake manifold pressure Pb as input, obtains 
an estimated value Gair_Pb of an amount of drawn air of the cylinder and deHvere the 
estimated value as output CEkiuation (6)]. The module 82 receives a value of intake manifold 
pressure Pb, a value of atmospheric pressure Pa and a value of an amount of lift of the exhaust 
gas lecyding valve lACT, as inpats, obtains an estimated value Gerg of an amount of recycled 
exhaust gas based on intake manifbld pressure and delivers the estimated value as output 
lEquationM. The module 83 receives an amount of air having passed threugh tine threttie 
Gth, the estimated value Gerg of an amount ofrecyded exhaust gas, based on intake manifold 
pressure and the estimated vah^GairJ* of an amount of drawn air of the cylinder, basedo^ 

intake manifokl pressure, as inpvAs, obtains the first identification parameter A' and tiae 
second idetitificationparameterF,usingrecursive least square mean method a^ 

identification parameters as outputs Equations (17) to (^]. The first and second 
identification parameters A* and BT are detennined in such a w^ that an ennr in Equation 
(19) is minimized The module 84 obtains a first productofthe estimated value Gair_Pb of an 
amount of drawn air of the cylinder, based on intake manifold pressure and the first 
identification parameter A'. The module 84 obtains a second productofthe estimated value 
Gerg of an amount of recycled exhaust gas, based on intake manifold pressure and the second 
identification parameter F. Then, tiie module 84 subtiacts the second product fiwm the first 
product to obtain a final estimated value Gcyljiat of an amount of drawn air of the cylinder 
DEquationde)]. 

BXW2il Pig. 9 shows an estimated result of an amount of drawn air of the cylinder, 
according to the present embodiment Even when an amount of air having passed throu^ 
the throtde Gth or an amount ofMIACT of the BGRvah/e, changes, afinal estimated value 
Gcyljiat of an amount of drawn air of tiae cylinder, follows a value of an arnount of dra\^ 
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the cylinder Gcyl The fiistictentificatbn parameter A' diangj^ 

amovint of air having passed throv^i the throttle Gth and a change in an amount of lift lACT 
of liieEGR valve. The second identification parameter BT changes depending on a 
an amoimtofMlJ^CroftheEGR valve and returns back to zero in a stEa{fyst^ Such 
behaviors of the identification parameters allow estimation with hi^-aocuracy even at a 
sudden chaiige in an aniourit oflifb of the EGR valve. 

BXWal Stinanotherembodiinentafthepresentinventianwinbedescribedbelow. 

[00741 An estimated value Gairjn) of an amount of drawn air of the C5*nder, based on 
intake manifcld pressure, has precise information on a changp in an amount of dmwn air of 
the cylinder. Aooordin^y, a change ADDin an amount of gas filling the intake manifiM is 
ad^tively calculated in such a way that a change in a final estimated value Gcyljiat of an 
amount of drawn air of the cylinder, is made to coincide with a change in an estimated value 
GairJ^ of an amount of dmwn air of the C5feder, based on intatemaiiifcldpress^ 

[0075] Conventionally, an estimated value Gkyljiat of an amount of drawn air of the 
cyMdfir,iscalcukted\Jsingthefolbwii^equatiorL 



Gkyljiat(k) = Gth(k)-AGb(k) (4) 
AGbCk) = APb(k)Vb/(RTb) (3) 

iD076l The conveiitional method mentioned above has the problem that a diaiigeAGb in 
an amount of gas filling the intake manifidd, cannot be properfcr set far variation between 



SD077] Therefore, an estimated value Gc5dhat of an amount of drawn air of the cylinder, is 
new!^ defined by the fcUowing equation. 

Gcyl_hat(k) = Gth(k) - AAPb(k) (23) 
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[00781 It should be noted that identification parameter A is used to adaptively calculate a 
change AGb in an amount of gas filling the intake manifold. 

[0079] Adiflference of Equation (23) isobtainedasbetow. 



AGcyl_hat(k) = AGth(k) - AAAPb(k) (24) 

AGpyl.hatCk) = Gcyl_hat(k) - Gcyl_hat(k-l) (25) 
AGth(k) = Gth(k) - GthOc-D (26) 
AAPb(k) = APb(k)-APb(k-l) (27) 

BXMO] A difSerenoe of an estimated value Gair_Pb of an amount of drawn air of the 
cylinder, based on intake manifiMpressure, is dsfinedby the Mowingequation. 

AGair_Pb(k) = Gair_Pb(k) - Gair_Pb(k-D (28) 



[0081] The a)nditbn that a change in a final estimated value Gcyljaat of an amou^ 
drawn air of the cylinder, coinddes with a change in an estimated value Gair_Pb of an amount 
of drawn air of the Q^linder, based on intake manifcld pressure, is r^resented by the fidbwing 
equation 

AGair_Pb(k) = AGcyl_hat(k) (29) 

liD062] Substituting Equation (24) to the rigM; side of Equatbn (29) lea^ 
equation 

AGth(k)-AGair_Pb(k) = AAAPbCk) (30) 
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B)063l Thus, identificatiDnparameter Ashouldbe defined in such a way that Equation (30) 
is satisfied, to calculate a final estimated value Gcyljiat of an amount of drawn air of the 
cylinder. A method by which the final estimated value is calcukted, is shown sp 

the fi)Dowing equations. 



Gcyl_hat(k) = GthOj) - AAPb(k) (31) 
A(k) = A(k-D + KP(k)ide(k) (32) 



^p. ^ _ P'(k -l)Z(k) (33) 

- 1 + Z (k )P (k - 1)Z (k ) 



ide(k) = AGth(k)-AGair_Pb(k)-AAAPb(k) 

= AGth(k)-AGair_Pb(k)-AZ(k) (34) 



, 1 , X2P(k)Z(k)Z(k) . 

^ 1> = XT^' ■ A,Z(k)P(k)Z(k) ^^^^^ ^''^ 



Z(k) = AAPbCk) 



(36) 



Xi and X2 represent weighting parameters. 

[00841 Rg. 10 shows a bloct diagram of an a?>paratusibr estimating an amount of drawn 
air of the cylinder, aoooiding to the present embodiment The ^aratus for estimating an 
amount of drawn air of the cylinder, oonq)rises modules 101 to 10& Ite module 101 receives 
a value of intake manifold pressure Pb as ii^ut, obtains an estimated value Gair_Pb of an 
amount of drawn air of the cjtoider, based on intake manifold pressure and delivers the 
estimated value as output [Equation (6)]. The modules 102 to 105 are devices for obtaining 
diflferences. The module 106 receives a difference AGth of an amount of air having passed 
thiou^ the throttle, a second onler diflferenoe MPb of intake manifold pressure and a 
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diflfeiBnoe AGairJPb of an estimated valvie Gair_Pb of an amoxmt of drawn air of the cylinder, 
based on intake manifcld pressure, as inputs. Then, the module 106 determines identification 
parameter A in such a way that a change in a final estimated value Gkyljiat of an amount of 
drawn air of the cylinder, is made to coincide with a change in an estimated value Gair^Pb of 
an amount of drawn air of the cylinder [Equations 32 to 36]. Mare specifically, the 
identification parameter A is determined in sudi a way that an error in Equation (34) is 
miirimizieA The module 107 multiplies the estinaated value Gair__Pb by identification 
parameter A Tte module 108 subtracts the result of ti^ 

air having passed throu^ the throttle Gth, to obtain a final estimated value 
GcyLhat[Equation (31)]. 

[0085] Pig. 11 shows an estimated result of an amoxmt of drawn air of the cylinder, 
acoatxfing to the present embodiment Even when an amount of air having passed throx^i 
the throttle Gth changps, a final estimated value Gcyljiat of an amount of drawn air of the 
cylinder, fcDows a value of an amovint of drawn air of the cylinder GkyL The identification 
parameter A changes depending on a change in an amoxmt of air having passed throxi^ the 
thrrtdeGth. 

[00863 In the embodiments shown in Pigs. 6 and 8, behavior of a final estimated valxie 
Gkjdhat of an amoxmt of drawn air of the <ylinder, in a transient state, is fcllowedby recursive 
least sqxjare method having delay in response. Aooordingfer, when a convergence speed fcr an 
oflfeet in a steady state between an amoxmt of drawn air of the cylind^ Gcyl and a final 
estimated value Gcyljiat, is increased, behavior of a final estimated valxie GcyLhat, 
approaches that of a value of an amoxmt of air having passed throxigh the throttle Gth. On 
the other hand, in the embodiments shown in Pigp. 6 and 8, airfiiel ratio control in a steady 
state is oonsiderabfy stable, becaxise oscillations of an amoxmt of air having passed throxi^ tiae 
throttle Gth, in a steady state is sidqjected to fite 

[0087] hi the embodiment shown in Pig. 10, a convergence g)eed fcr an oflfeet in a steacfy 
state, can be increased, while oscillations of an amoxmt of air having passed throxi^ the 
throttfe Gth, in a steady state cannot be subjects 

[0088] A method by which an estimated value Gcyljiat of an amoxmt of drawn air of the 
cylinder, is oontrcJled to a desired value GcyLcmd, will be described below. The value 
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GkyLhat has been estimated by one of the £5)paratuses for estimating an amount of drawn air 
of the cylinder, aooording to the present invention, mentioned above. 



[0089] A relationship between opening TH and a desired value THjaom of an 
electronicalVa)ntral]edthrot^ canbe approximatedby the fclbwingeqviation. 

TH(k) = AthTH(k-l) + BthTH^cmd(k) (37) 
Ath and Bth are constants a simi of which is 1. 

[0090] Further, an amount of air having passed through the throttle can be approximated 
by the following equation. 

GthXk) = Sth(Pa,Pb,TH)TH(k) (38) 

[0091] Sth is a fector determined depending on atmospheric pressure Pa (substantially 
equal to a pressure at apointi5>stream the throttle), intake manifold pressure Pb and throttle 
opening TH. 

[0092] The following equation is obtained &om Elquations (37) and (38). 

Gth'(k) = SthCPa,Pb,TH)TH(k) 

= Sth(Pa,Pb,TH) Ath TH(k-l) + Sth(Pa,Pb,TH) Bth TH_cmd(k) 
= AthGth'(k-l) + Bth'TH_cmd(k) (39) 

Bth' = Sth (Pa, Pb,TH) Bth 

ED093I Further, since an amount of air having passed throu^ the throttle Gtii is 
substantially equal to an approximated value GtK, a relationsh^) between Gth' and GcyLhat 
canbe approximatedby the following eqiiatio^ 
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GpylJiatCs) = Gth'(k)-AGb(k) 

= Gth'(k)-A(Pb(k)-Pb(k-l)) (40) 

[0094] The following equations can be obtained by substituting Eqviation (39) 
into Equation (40). 

Gcyl_hat(k) = Gth'(k)-A Pb(k) +APb(k-l) 

= Ath Gth'(k-l) + Bth'TH_cmd(k)-A Pb(k)+APb(k-l) 

(41) 

Gpyl_hat(k) = AthGth'(k-l) -A Pb(k)+APb(k-l) + Bth"rH_cmd(k) 

(42) 

ED085I In the fbilbvving equation, Gtii' in Equate 
Gth fix)m Ihe airlow meter. 

Gcyl_hat(k) = AthGth(k-l) - APb(k) +APb(k-l) + Bth'TH_cmda£> 

(43) 

B0096] Equation (43) described above, is assumed to be a model which represents a 
relationshq) between a desired value THoom of throtfle opening and an estimated value 
GcyLhat of an amount of drawn air. 
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[0097] An error between an estimated value Gcyljiat of an amount of drawn air and a 
desired value GkyLcmd of an amount of dmwn air, is defined by the following equation. 



Ge(k) = GqyLhatCk) - GcyLcmdCk) (44) 

[00B8I Furthe^c»nveI^ncB behavior of Gte is defined a, 
a(k) = Ge(k)-S Ge(k-l) (45) 

where -1<S<1. The switch function is represented as below. 

Ge(k) = SGeOc-l) (46) 



[0099] The switch fiinction means that error Ge will oonvei^ to zero with behavior of a 
first-order delay system without an input, as shown in Fig. 12. 

[0100] A response-specifying type controller which will realize oonvergBnoe behavior 
specified by the switjchfimction o, is represented as below. 



TH_cmd'(k) = - KeqO Gcyl_hat(k) ■ Keql Gth(k-l) " Keq2 Pb(k) 



Keq3 Pb(k-l) ■ Krch a (k) • Kadp ^ cj(i) (47) 

i=0 



[0101] Feedback gains KeqO, Keql, Keq2, Keq3, Krdi and hadp are determined to 
ininimizR the estimation fimctbn described below. 
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J= 1^ AX(j) Q AX (j) +ATH_cmd' (j) R ATH_ciiid'(j) 
j=0 



(48) 



AX(k) = |AGcyl_hat(k)AGthCk)APb(k)APb(k-l)Aa(k) o(k)F (49) 



Q = 
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(50) 



R = rO 



(51) 



[01021 Q represents a set of wei^iting parameters, while ql, q2, q3, q4 q5, q6 and rO are 
positive constants. If wei^ting fectors are set as shown helow, a convei^iKB to zero of Aa 
and a can be rriade fester than a convergence to zero of each of 

AGthOd, APbQd and APbOrl). In other words, responses of specified errors can be made 
fester. Further, robust stability fcr modeling error and disturbances in the control system, 
can be improved 



ql, q2, q3, q4 < q5, q6 (52) 

[0103] Fiorther, feedforward opening TH_ff is added to THLcmd'in Equation (47) 
to obtain a desired value of throttle opening, that is, a controlled variable TH_cmd of 
throttle opening in the response-specifying type controller. Feedforward opening THff 
is obtained based on accelerator pedal opening AP, vehicle vebdty VP, transmission shift 
position NGEAR, charging pressure Pc, presence or absence of electric bad and state of being 
turned on or off of the hydraulic pump fcr power steering. 
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TH_cmd(k) = TH_ffl[k) + TH_cmd'(k) 

= TRjm • KeqO GcyLhat(k) - Keql Gth(k-l) - Keq2 Pb(k) 

- Keq3 Pb(k-l) • Krcha(k) - Kadp |;cj(i) (^3) 

i=0 

[0104 Pig. 13 shows a result of an amount of drawn air of the cylinder Gcyl, controlled by 
the response-specifying type controller. 

[0105] Rg. 14 shows a CDnfiguration of a fijel-injection control system comprising the 
apparatus fear estimating an amount of drawn air and the response-specifying type controller 
fcr controlling an amount of drawn air, aocx)rding to the embodiment of the present invention 

[0106] The response-specifying type controller 1002 receives, as ii^uts, an estimated value 
of an amount of drawn air of the cylinder, fix)m the apparatus 1001 fcr estimating an amount 
of drawn air of the cylinder and a desired value of an amount of dmwn air of the cylinder, &om 
a section 1003 for calculating a desired value of an amount of dmwn air of the cylinder. The 
response-specifying type controller 1002 man^ulates throttle opening to have an estimated 
value controlled at a desired value. In Pig. H a foelconversbn module and a fiiel adhesion 
corroction module are represented with reference numerals 1004 and 1005, while ftiel 
correction fector calculating modules are represented with reference numerals 1006 and 1007. 
These modules determine an amount of fiael to be iiijected. 

[0107] In Rg. 14 throttle cpening is manipulated to control an amount of drawn air of the 
cylinder. Alternatively, an amount of drawn air of the cylinder can be controlled by flexible 
valve timing mechanism. Further, in a system with a motor ciriven compressor, an ^ 
of drawn air of the csfeder can be controlled hy acijusting voltage to be applied to the 
motor driven con^jressor. In a system provided with a turbine with a waste gate, an amoimt 
of drawn air of the cylinder can be controlM by controlling the was^ gate to control a diarging 
pressure. 

[0106] Pig. 15 shows a procedure of a method for estimating an amount of drawn air, 
according to an embodiment of the present invention Calculations of the procediire are 
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carried oiit for each intake stroke (TDC). In step SIO, values PbJ)uf of intake manifold 
pressure sampled at certain crank an^es (CRK) determined by dividir^ TDC into 6 equal 
parts, are sutgected to 6iap moving averaging to remove pulsing components of Pb_bu£ For 
example, a crank an^ for an intake stroke (TDC) is 180 degrees, and a crank an^ (CRK) 
signal is delivered for eveiy 30 degrees of crank rotation an^. In step S20, it is determined 
whether or not the airflow meter is active. If active, the process goes to step 30, in which 
values Gdibxjf of an amoimt of air having passed tiirou^ the throtde, are subjected to G^tap 
moving averaging to remove pulsing components of Gthj3uf In step S40, an estimated 
value Gkyl_hat of an amount of drawn air of the crytoider, is calculated. In step S50, a desired 
value THcmd of throtde opening is calcukteA If the airflow meter is determined to be not 
active in step S20, the process goes to step S60, in which an estimated value GcyLhat of an 
amovint of drawn air of the cylinder, is calculated based on the number of revolutions of the 
engine and intake manifold pressure. In step S70, a desired value THjcmd of throttle 
openingis made equal to accelerator pedal opening. At this time, when the accelerator pedal 
is fidV dosed, a certain opening is given to allow the engine to maintain an idling speed In 
other words, when the acoeterator pedal is fidly closed, THj^md is deterna^^ 
control not shown. 

[0109] An example of an electronic control unit used in embodiments of Hie present 
invention, will be described with reference to Fig. 16. The electronic control unit includes a 
CPU 1601, a ROM 1611, a flash memoiy 1612, a RAM 1613, an I/O unit 1614 and a 
communication controller 1615 for a network on the vehicle. The above devices are connected 
with one another via abvis 1620. 

[Olio] Algorithm for estimating and controlling an amount of drawn air of a cylinder, 
according to the present invention, maybe stored as a program in the ROM 1611 or the flash 
memoiy 1612. Some part of the algorithm, for exan^le ftizzy rules, may be stored in the flash 
memoiy 1612, while the other part may be stored in the ROM 1611. Alternative^, the 
algorithm may be stored in another type of memoiy not shown in the drawing. 
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